Agriculture is the mainstay of Pakistan's economy. However, it has been noticed that farmers are increasingly giving up agriculture in favor of non-agricultural activities. This study was conducted in the Khairpur district of Sindh province, which is part of the Indus Plains in Pakistan. The main purpose of the study was to investigate the current and future land use change (LUC) trends and to study farmers' perceptions of the causes and consequences of LUC and agricultural land abandonment (ALA) in the study area. The study used field survey data and secondary data obtained from the government sources. The results show that agricultural land in the region has decreased by about 9% in the past two decades. Survey data analysis confirms this because more than 80% of farmers believe that agricultural land in the area has declined over time. In addition, farmers believe that socioeconomic and environmental changes are the main reasons for LUC and ALA. We used a logistic regression model to determine the factors that influence farmers' decisions to sell agricultural land for other uses. The results show that the age, income, land ownership, farm inheritance by successors, social networks and lack of basic facilities in the study area are the main determinants of farmers' decisions to sell agricultural lands. In particular, farmers' integration into the social network and their belief that the farm will be inherited by heirs reduces the possibility of selling land. As for the consequences of LUC and ALA, the results indicate that farmland prices, weeds infestation, urban diffusion, and pressure on existing infrastructure have increased in the study area. In addition, the results show that the prospects of farming in the area remain grim as most farmers indicated that they were willing to abandon agricultural lands in favor of other revenue generation activities. The study suggests that policymakers should pay close attention to controlling rapid LUC and ALA to keep lands green.
Introduction
Rural landscapes around the world are undergoing dramatic changes, manifested in agricultural decline and land abandonment, especially in mountainous regions [1, 2] . Agricultural land abandonment (ALA) is a term commonly used to describe uncultivated land (land used for agricultural purposes sector of the economy that supplies raw materials to the country's agricultural industry. Agriculture also plays a central role in Pakistan's socio-economic development, as other sectors of the national economy rely directly or indirectly on it [33] . However, it is a startling fact that farmers in Pakistan are increasingly giving up agriculture as a profession. It was recently disclosed in annual Pakistan Economic Survey. In the Indo-Pak history, the partition related displacement directly contributed to the transfer of large areas of land from its original owners to incoming emigrants across the border for re-allotment. It is estimated that displaced Hindus and Sikhs left about 7 million acres of agricultural land, while Muslims in eastern Punjab claimed to have abandoned a total of some 4.5 million acres. In Sindh, a large number of Hindus fled to India due to partition-induced insecurity, and an estimated 1.3 million acres were abandoned by displaced persons or "evacuees" [34] . In fact, unlike Punjab, where much of the communal abandonment took place within a few months of the partition, in Sindh, the process continued for decades, with further displacement and dispossession during the Pakistan-India wars of 1965 and 1971 [35] [36] [37] . The partition-induced land dispossession was involuntary. However, historical records confirm that the Pakistani farmers are still giving us agriculture as a profession that causes agricultural land to be abandoned.
The purpose of this study was to survey the farmers in Khairpur district of Sindh province where LUC and agriculture abandonment are emerging issues. In addition, our goal is to study farmers' perceptions of agriculture land abandonment, the factors that influence farmers' decisions to sell agricultural land, the consequences of this widespread land transition, and farmers' preferences for future land use. Understanding the social attitudes about ALA and LUC is important because it can be used to predict the extent of LUC and develop conservation plans and agricultural policies.
Materials and Methods

Study Area and Data
Study Area
The study was conducted in the Khairpur district in northeastern Sindh province, surrounded by Shikarpur and Sukkur in the north, India in the east, Sanghar and Shaheed Benazeerabad in the south, and Larkana and Noshero Feroz in the west. The area is located at 68 • 10 to 70 • 10 E and 26 • 9 to 27 • 42 N ( Figure 1 ). According to the 2017 population census, Khairpur is the fifth largest district in the province after Karachi's four districts, with a population of 2.4 million [38] . Most of the agricultural land in the area is in the Indus Plain, which is irrigated by the Indus river. Khairpur is divided into eight talukas, namely Kingri, Khairpur, Kot Diji, Gambat, Sobho Dero, Thari Mirwah, Nara and Faiz Gunj. Taluka is an administrative area for taxation purposes and usually included many villages.
LUC and ALA in Sindh have drawn much attention because agriculture is the main sector of the Sindh economy, with rice, cotton, sugarcane, wheat, mango, and bananas being the most important crops. Sindh's geographical area is 140,900 square kilometers, making a significant contribution to national food security. The Indus river flows into the Arabian Sea from the highest mountains in the world. The colossal flow of water from the Indus river brings rich silt and sandy loam from the northern region into Sindh, increasing its soil fertility. As the Indus delta of Sindh no longer has freshwater flows from the Indus river, fertile farmland is turning saline due to seawater intrusion. 
Data Collection
The study uses primary and secondary data to achieve its goals. To understand land use change (LUC) in the region, we collected land use data for the period 1997-2017 from the Khairpur office of the Sindh Revenue Board [39] . These data include data on land tenure, land purchases, and land sold during the period. In addition, it includes the proportion of agricultural, barren, commercial, forest, and other lands in eight talukas per year for the selected time period. We also collected additional data from various periodicals of Pakistan Statistics Bureau and Pakistan Economic Survey.
In order to collect information about the socioeconomic characteristics of farmers, their perceptions of ALA and LUC and their consequences, their decisions to abandon agricultural lands and their intentions for future land use, we designed a comprehensive field survey. We used a multistage random sampling technique to collect primary data. In the first phase, the Khairpur region was selected as the sampling frame. In the second stage, eight strata (administrative units) of the Khairpur district were selected as the study area: (1) Khairpur; (2) Kingri, ; (3) Gambat; (4) Sobho Dero; (5) Kot Diji; (6) Faiz Gang; (7) Nara and (8) Thari Mirwah. In the third stage, five villages were randomly selected from each stratum (taluka). Due to different populations of each village, the choice of sample respondents was proportional to the size of the village. Proportional allocation refers to the way in which the total sample size is distributed among different strata, that is, the number of respondents in each stratum is proportional to the size of each stratum. The following formula is used to select the sample size:
= .
for i= A, B, C, D, and E,
where: ni = the size of the sample in i th stratum, n = total sample size to be taken, Ni = total number of households in the i th stratum (in this case, the village), N = the sum of households in all 5 strata (villages). The letters A, B, C, D, E represent five villages. A random sample of 50 respondents was selected from these five villages. Sample respondents were selected from eight talukas using the same 
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In order to collect information about the socioeconomic characteristics of farmers, their perceptions of ALA and LUC and their consequences, their decisions to abandon agricultural lands and their intentions for future land use, we designed a comprehensive field survey. We used a multistage random sampling technique to collect primary data. In the first phase, the Khairpur region was selected as the sampling frame. In the second stage, eight strata (administrative units) of the Khairpur district were selected as the study area: (1) Khairpur; (2) Kingri; (3) Gambat; (4) Sobho Dero; (5) Kot Diji; (6) Faiz Gang; (7) Nara and (8) Thari Mirwah. In the third stage, five villages were randomly selected from each stratum (taluka). Due to different populations of each village, the choice of sample respondents was proportional to the size of the village. Proportional allocation refers to the way in which the total sample size is distributed among different strata, that is, the number of respondents in each stratum is proportional to the size of each stratum. The following formula is used to select the sample size:
where: n i = the size of the sample in ith stratum, n = total sample size to be taken, N i = total number of households in the ith stratum (in this case, the village), N = the sum of households in all 5 strata (villages). The letters A, B, C, D, E represent five villages. A random sample of 50 respondents was selected from these five villages. Sample respondents were selected from eight talukas using the same A semi-structured survey instrument was used for data collection. The questionnaire consisted of four parts, each of which aimed to achieve research goals. The first part contained questions assessing the socioeconomic and demographic characteristics of respondents, including information related to age, education, family size, employment status, income, type of farming, land tenure, and different types of land ownership (agricultural, commercial, forest, wasteland or other lands). The second part contained questions related to the farmers' perceptions of LUC and ALA and their causes. It included open-ended questions and questions with predefined preference ratings. The preference rating was obtained with a 5-point Likert scale, in which farmers agreed on the causes of ALA and LUC, such as increased population, lack of rural infrastructure, housing needs, lack of agricultural incentives, water shortages, and land disputes. The third part contained questions about the consequence (losses and gains) of LUC and ALA. This information was also obtained on a 5-point Likert scale. The fourth part included open-ended questions to assess farmers' perceptions of future land use.
The questionnaire was pre-tested in the study area and the necessary modifications were made prior to implementation. The survey was based on face-to-face interviews with residents of the study area related to land use and land abandonment. This approach allows researchers to be responsive to respondents' attitude and to understand their reasoning when answering questions [40, 41] . Data were collected by trained enumerators. Before starting the interview, the enumerator described the purpose of the study to the interviewee and obtained verbal consent. Participation in the survey was entirely voluntary. We ensured participants of the anonymity and confidentiality of their responses.
During the data screening process, 15 questionnaires were discarded due to insufficient information. Therefore, a total of 385 completed questionnaires were used in the analysis. Data were analyzed using SPSS Statistics v.22 (IBM Inc., Armonk, NY. United States) and MS Excel v.2010 (Microsoft Corporation, Redmond, WA, United States). Descriptive statistics such as frequency, mean, median, standard deviation, and percentage were used to assess the multivariate trends in primary and secondary data.
Econometric Model
The logit model [42, 43] is used to analyze the impact of various socioeconomic factors on farmers' ALA decision-making. Of the total 385 respondents, 42 were indifferent to ALA by selling their lands, and the remaining 343 farmers responded positively or negatively. The binary response variable is the probability that a farmer will sell his/her land for non-agricultural use, with a value of 1 (yes) or 0 (no). In general, the model can be written as:
The cumulative logistic distribution function is as follows:
where L i is the logit, which is the natural log of the odds ratio, P i is the probability that a farmer will sell his/her land for non-agricultural use, 1 − P i is the probability that farmer will not sell his/her land for non-agricultural use, β i is the ith parameter of the model to be estimated, The specific model form for the econometric analysis is given by:
Land holding i + β 6 Land ownership i + β 7 Land con f licts i + β 8 Farm inheritance by successor(s) i + β 9 Association with social networks i + β 10 Agri Land Prices i + β 11 Commercial Land Prices i + β 12 Basic Facilities i + µ i .
(4)
Because our data is at the individual level, we used the Maximum-Likelihood (ML) method to estimate the parameters [44, 45] . The independent variables used in the model include land ownership status, land conflicts, likelihood of inheriting farms by a successor(s), the embeddedness of farmers in social networks and the availability of adequate infrastructure (education, health, and employment) in the study area. These variables are discrete or binary and are defined as follows: Table 1 shows the socioeconomic characteristics of respondents, indicating that the average age of farmers is 44.7 years and the number of years of schooling is 12 years. The average family has 7.36 people, including 3.4 males and 3.9 female members. About 70% of respondents are full-time farmers, while 30% of respondents work in other industries or have their own businesses. In particular, a large number of job seekers under the age of 30 are engaged in agriculture and are willing to leave the industry after obtaining a reasonable job. The average operational landholding of a farmer is 22 acres with a minimum area of half an acre and a maximum area of 241 acres. On average, two family members are farmers and two are working on other jobs. Respondents have an average annual income of 0.17 million PKR. About 72% of the land is operated by owners and 28% by tenants and land-renters.
Results and Discussion
Socioeconomic Characteristics of Respondents
Socioeconomic characteristics play a significant role in determining farmers' perceptions of ALA and land-use conversion. Palang et al. [46] noted that tolerating LUCs is difficult because childhood memories and cultural backgrounds greatly influence an individual's attitude towards change. For example, Kaur et al. [31] in a study conducted in Estonia showed that older rural farmers are most worried about rural decline. They recalled the early affluence and prosperity of rural life, while young people only knew the current situation and accepted it normally. 
The Perspectives of Land Use Change and Agriculture Abandonment in the Study Area
Based on the field survey data, Table 2 shows the distribution of land in the study area classified by owned land and land transfer (selling and purchasing) over the past two decades. The land owned by respondents is divided into five categories, namely agricultural, barren, commercial, forest, and other lands. Of the land owned by farmers, agricultural land accounts for 82% of the total land area. This means that the main use of land in the study area is still agriculture. However, a considerable part of the land is barren, accounting for 13% of total land owned by farmers. The proportion of commercial land owned by farmers is only 3%. During this period, some farmers also bought and sold land. Of the total land purchased by farmers over the past two decades, 80% is agricultural land bought. This means that the major investment in land is for agriculture in the study area. Only 2% of the land was purchased for commercial purposes. Another interesting finding is that 17% of farmers also purchased barren land. There may be two reasons for this. First, the barren land is usually cheaper. Second, farmers may have purchased the land for future land development for agricultural purposes. The results of the sale of land indicate that most of the land sold by the respondents is also agricultural land. This proportion accounts for 97% of the total land sold in the past two decades. These results indicate that more respondents indicated that they are selling agricultural land rather than buying agricultural land. No farmer could sell barren land, probably because the demand for this land is very low. Commercial land sold by farmers accounts for 3% of the total land sold in the study area. 
The Evidence of Land Use Change and Agriculture Abandonment in the Study Area
We used secondary data to confirm evidence of land use change (LUC) and agriculture land abandonment (ALA) in the study area. LUC data for three different time points in the Khairpur district (i.e., 1997, 2007 and 2017) were retrieved from different government sources. Figure 2 shows the increase in the agricultural area in the first decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . However, in the second decade (2007-2017), the agricultural area decreased from 0.82 million acres to 0.71 million acres, a reduction of about 13%. There has been no major change in barren land and forest land over the past two decades. The general-purpose land was decreased from 0.08 million acres to 0.03 million acres in the first decade and remained unchanged for the second decade. The last category of "other" land remained unchanged during the first decade and increased during the second decade. This category includes residential, commercial, industrial and watershed land. The literature largely supports the fact that LUC and ALA occur globally [1, 2, [6] [7] [8] [9] 23 ], a trend that has existed since the beginning of human history and continues to this day. It can be inferred that part of general-purpose land and barren land that was reduced in the first decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ) is likely to become agricultural land, thus increasing agricultural land. During the second decade (2007-2017), agricultural land was reduced and converted to the 'others' category. Since our main focus in this study is on the agricultural sector, the taluka wise pattern of agricultural LUC is worthy of attention, as shown in Table 3 . In the past two decades, the changes in the agricultural land area of all talukas of the Khaipur district show a similar trend. In the first decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the agricultural land area of all talukas showed an increasing trend, while the second decade (2007-2017) showed a significant downward trend. As shown in the table, LUC and ALA occurred in the study area. If the current trend continues, it is expected that the agricultural area will decline further in the future. The land will be diverted to other purposes, such as industrial, commercial and residential uses, which can lead to the evolution of serious problems such as food insecurity, global warming, destruction of natural habitat and extinction of wildlife [47] . [39] .
In addition to ALA, farmers are gradually giving up agricultural production and related activities in Pakistan. The 2017-18 Pakistan Economic Survey shows that agriculture and its related Since our main focus in this study is on the agricultural sector, the taluka wise pattern of agricultural LUC is worthy of attention, as shown in Table 3 . In the past two decades, the changes in the agricultural land area of all talukas of the Khaipur district show a similar trend. In the first decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the agricultural land area of all talukas showed an increasing trend, while the second decade (2007-2017) showed a significant downward trend. As shown in the table, LUC and ALA occurred in the study area. If the current trend continues, it is expected that the agricultural area will decline further in the future. The land will be diverted to other purposes, such as industrial, commercial and residential uses, which can lead to the evolution of serious problems such as food insecurity, global warming, destruction of natural habitat and extinction of wildlife [47] .
In addition to ALA, farmers are gradually giving up agricultural production and related activities in Pakistan. The 2017-18 Pakistan Economic Survey shows that agriculture and its related sub-sectors now account for only 38.49% of the country's total workforce aged 10 and over-a sharp drop from 51.15% in 1989-90. This means that employment in the sector has fallen by about 13% in the past three decades. The decline in the employment rate in the agricultural sector is worrying because agriculture is the backbone of the Pakistani economy. This decline is more prominent in urban areas. Among the urban population, the agriculture-related decline has been about 8% over the past three decades, which is also significant (Figure 3 ). At the provincial level, the total number of agricultural laborers in Khyber Pakhtunkhwa fell the most, with 17.88% of agricultural workers leaving the sector between 1994 and 2018. During the same period, the second-largest decline in the agricultural workforce was 15.45% in Baluchistan. It is worth noting that during 1994-95, agriculture was the largest employer of Baluchistan's labor force. In Sindh, the agricultural workforce fell by 9.42% between 1994-95 and 2017-18. At present, agriculture accounts for 37.21% of the Sindh labor force. Punjab is the country's largest producer of agricultural products, however, the agricultural workforce fell by only 7.2% between 1994-95 and 2018 [33] . These statistics provide strong evidence of agriculture abandonment in Pakistan.
The agriculture sector in Pakistan is underperforming [49] . Due to uncertain weather conditions, shortage of irrigation water, disease and pest attacks, poor marketing systems and lack of resources, At the provincial level, the total number of agricultural laborers in Khyber Pakhtunkhwa fell the most, with 17.88% of agricultural workers leaving the sector between 1994 and 2018. During the same period, the second-largest decline in the agricultural workforce was 15.45% in Baluchistan. It is worth noting that during 1994-95, agriculture was the largest employer of Baluchistan's labor force. In Sindh, the agricultural workforce fell by 9.42% between 1994-95 and 2017-18. At present, agriculture accounts for 37.21% of the Sindh labor force. Punjab is the country's largest producer of agricultural products, however, the agricultural workforce fell by only 7.2% between 1994-95 and 2018 [33] . These statistics provide strong evidence of agriculture abandonment in Pakistan.
The agriculture sector in Pakistan is underperforming [49] . Due to uncertain weather conditions, shortage of irrigation water, disease and pest attacks, poor marketing systems and lack of resources, it has gradually lost the trust of farmers and is considered to be an unreliable source of livelihood. Farmers are turning to other sources of livelihood and are giving up their farmland.
Farmers' Perceptions
Farmers' Perceptions of Land Use Change and Agricultural Land Abandonment
Individual perceptions and perspectives on ALA and LUC are critical for quantifying LUC, conservation plans, agricultural policy development [26] . In the field survey, we asked farmers if they thought that LUC and ALA were taking place in the study area. Overall, 75% believe that agricultural land is declining over time, while 14% of respondents believe that agricultural land has not declined, and the remaining 11% of respondents are indifferent to respond. The taluka-wise percentage distribution of responses to the decline in agricultural land is shown in Figure 5 . Almost all talukas have observed a uniform trend. Most farmers in each taluka responded that agricultural lands declined over time. About 7-15% of respondents in each taluka are indifferent to land abandonment and LUC occurrence in the area because they do not understand the current situation. We also noticed, in the previous section, that the agricultural area in Khairpur district was declining as farmers were selling more land. Although the current rate of decline is slow, in the near future, it may be more prominent and worrying for the community in terms of national food security, climate change, soil conservation, and natural habitats. Individual perceptions and perspectives on ALA and LUC are critical for quantifying LUC, conservation plans, agricultural policy development [26] . In the field survey, we asked farmers if they thought that LUC and ALA were taking place in the study area. Overall, 75% believe that agricultural land is declining over time, while 14% of respondents believe that agricultural land has not declined, and the remaining 11% of respondents are indifferent to respond. The taluka-wise percentage distribution of responses to the decline in agricultural land is shown in Figure 5 . Almost all talukas have observed a uniform trend. Most farmers in each taluka responded that agricultural lands declined over time. About 7-15% of respondents in each taluka are indifferent to land abandonment and LUC occurrence in the area because they do not understand the current situation. We also noticed, in the previous section, that the agricultural area in Khairpur district was declining as farmers were selling more land. Although the current rate of decline is slow, in the near future, it may be more prominent and worrying for the community in terms of national food security, climate change, soil conservation, and natural habitats. 
Farmers' Perceptions of the Causes of Land Use Change and Agricultural Land Abandonment
Farmers were asked about the reasons of LUC and ALA in the study area on a 5-point Likert scale, with 5 indicating strong disagreement and 1 indicating strong agreement. Figure 6 shows that 96% of respondents believe that attractive agricultural and commercial land prices are driving farmers to sell their lands. With the rise of industrialization and the gradual increase in land prices, the demand for industrial and commercial land has gradually increased. There is evidence that economic factors mainly affect farmers' decisions on LUC and ALA [50] . Our results confirm this finding. Approximately 76% of respondents believe that LUC and ALA are occurring due to declining agricultural returns. Yan et al. [14] also pointed out that LUC in rural areas around the world is mainly driven by the decline in net agricultural income. One interviewee stated that "agriculture is a 24/7/365 day job with a small income". Market forces explain the decision of farmers to sell the lands 
Farmers were asked about the reasons of LUC and ALA in the study area on a 5-point Likert scale, with 5 indicating strong disagreement and 1 indicating strong agreement. Figure 6 shows that 96% of respondents believe that attractive agricultural and commercial land prices are driving farmers to sell their lands. With the rise of industrialization and the gradual increase in land prices, the demand for industrial and commercial land has gradually increased. There is evidence that economic factors mainly affect farmers' decisions on LUC and ALA [50] . Our results confirm this finding. Approximately 76% of respondents believe that LUC and ALA are occurring due to declining agricultural returns. Yan et al. [14] also pointed out that LUC in rural areas around the world is mainly driven by the decline in net agricultural income. One interviewee stated that "agriculture is a 24/7/365 day job with a small income". Market forces explain the decision of farmers to sell the lands because the return on suburban land development often exceeds those by the farming [12, 13] , and farm incomes are often lower than off-farm remunerations [14] . Marginal soils or topography also affect productivity and ultimately lead to ALA. LUC and ALA are also caused by non-economic factors, such as the catastrophic events of Chernobyl, the institutional framework Eastern Europe in the 1990s and the dust bowls of the United States in the 1930s, which largely disturbed agriculture [17, 18] . In our study, about 60% respondents said that population growth in rural areas, lack of better health, education and employment facilities, housing needs, water shortages, and land disputes also included LUC and ALA reasons. All respondents believe that there are no incentives in agriculture. Policy-oriented economic incentives are also sometimes used to motivate farmers to suspend field operations in certain areas. U.S. farmers, for example, were encouraged, through a policy of the Conservation Reserve Program, to let the marginal and ecologically sensitive lands go fallow, and they got successful compliance on 36.7 million acres in 2007 [19] . However, in our study, respondents recognized different drivers or causes of LUC and ALA. The most common causes identified are socio-economic and environmental changes [51, 52] . Policy-oriented economic incentives are also sometimes used to motivate farmers to suspend field operations in certain areas. U.S. farmers, for example, were encouraged, through a policy of the Conservation Reserve Program, to let the marginal and ecologically sensitive lands go fallow, and they got successful compliance on 36.7 million acres in 2007 [19] . However, in our study, respondents recognized different drivers or causes of LUC and ALA. The most common causes identified are socio-economic and environmental changes [51, 52] . 
Farmers' Perceptions of the Consequences of LUC and ALA
The researchers have documented many of the advantages and disadvantages of LUC and ALA. Figure 7 shows a histogram of the farmers' perceptions of the consequences of LUC and ALA in the Khairpur district. Perceptions were recorded on a 5-point Likert. All respondents believe that agricultural land is decreasing due to land abandonment. The loss of agricultural land is mainly seen in the suburbs where population growth has led to an increase in land prices and the conversion of land into residential areas [53] . This is why the growth rate of urban areas in the world exceeds the 0%  10%  20%  30%  40%  50%  60%  70%   1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5  1  2  3  4  5 Attractive land prices 
The researchers have documented many of the advantages and disadvantages of LUC and ALA. Figure 7 shows a histogram of the farmers' perceptions of the consequences of LUC and ALA in the Khairpur district. Perceptions were recorded on a 5-point Likert. All respondents believe that agricultural land is decreasing due to land abandonment. The loss of agricultural land is mainly seen in the suburbs where population growth has led to an increase in land prices and the conversion of land into residential areas [53] . This is why the growth rate of urban areas in the world exceeds the density of the urban population [54] . About 98% of respondents believe that LUC and ALA are caused by rising agricultural land prices, as more and more land is needed for commercial and industrial use. The unplanned and faster urban sprawl in Pakistan is a bitter truth. About 95% of respondents believe that urban sprawl is triggered by LUC and land abandonment. As more and more people leave agriculture to move to non-agricultural activities, the pressure on existing infrastructure will increase. However, some farmers disagree with this statement. They believe that supply creates its own demand. When people turn to non-farm activities, the existing infrastructure will automatically adjust to digesting additional labor. About 83% of farmers believe that LUC and ALA forced tenant farmers and their families to be displaced. In Pakistan and Sindh, agricultural land is an important source of food, fiber, and shelter for a large number of tenant farmers. When the landowner abandons the agricultural land or approves the farmland for other uses, the tenant farmer is displaced along with his/her family. However, 4% of respondents disagreed with this view because they believed that tenant farmers were gradually decreasing in the study area and their dislocations were no longer a problem. Approximately 74% of respondents believe that the field pests attack caused by the cessation of farm activities is a serious problem. Birds and other animals that bring weeds seed abandoned land to make it harder for neighbors to keep the fields clean. Other wild animals also use uncultivated fields as a good habitat for growth. The farm community is worried about ALA and fears a large-scale land degradation.
Previous studies have confirmed that general attitudes towards agricultural land abandonment are negative, which is mainly linked to despair and inefficient land use. Only a few people have a positive view of ALA because they think it looks more natural when land is uncultivated [25, 27, 29, 32, [55] [56] [57] . Non-economic factors may also be related to the eco-centric perceptions of ALA [23] . Most non-farmers believe that giving up agricultural land is a good gesture for forest recovery and atmospheric CO 2 reduction [58, 59] , restoring the natural habitat of wildlife [60] and protecting cultural heritage [25] .
The Impact of Socioeconomic Factors on Farmers' Decisions of Agricultural Land Abandonment
We used a logit model to analyze the impact of certain socioeconomic factors on farmers' decisions to abandon agricultural land and sell it for non-agricultural use. The likelihood that farmers decided to sell agricultural land for non-agricultural use was used as a binary response variable in the logistic regression model. The binary choice is 'yes' or 'no', that is, whether the farmer intends to sell his/her land for non-agricultural purposes. The results of logistic regression are shown in Table 4 . The results indicate that age, family size, landholding size, the likelihood of one or more children inheriting farms, farmers integration into social networks, commercial land prices and adequate availability of basic infrastructure near farms decrease the probability that farmers will sell their lands for non-agricultural uses. However, higher education, annual income, land ownership, land conflicts and rising agricultural land prices increase the likelihood that farmers will sell agricultural land.
are negative, which is mainly linked to despair and inefficient land use. Only a few people have a positive view of ALA because they think it looks more natural when land is uncultivated [25, 27, 29, 32, [55] [56] [57] . Non-economic factors may also be related to the eco-centric perceptions of ALA [23] . Most non-farmers believe that giving up agricultural land is a good gesture for forest recovery and atmospheric CO2 reduction [58, 59] , restoring the natural habitat of wildlife [60] and protecting cultural heritage [25] . The estimated age coefficient indicates that, for every year increase in a farmer's age, the likelihood of farmers selling agricultural land is reduced by 0.04 units. This is the actual phenomenon observed during the field survey. Old farmers usually showed a conservative attitude toward selling agricultural land. On the contrary, young farmers were more eager to sell agricultural land and give up this profession. However, this mechanical interpretation of the logit coefficient is not very appealing. A more meaningful interpretation can be obtained by using the antilog of slope coefficients, namely the odds ratio [43] . The odds ratio for the age coefficient is 0.96, indicating that, for a year increase in the respondent's age, the probability of farmers selling agricultural land is reduced by 0.96 or 4%. The odds ratio of education coefficient indicates that, for a year increase in the education level of the respondents, the probability of selling agricultural land increases by 4%. This may be because well-educated people usually have more jobs in the non-agricultural sector. In addition, higher enrollment rates result in potential labor leaving the agricultural sector and leading to ALA [61] . The results further indicate that income also increases the likelihood that farmers will sell their land. In particular, an increase in annual income of 1000 PKR may increase the probability of selling agricultural land by 3.9%. This result is statistically insignificant. However, there is evidence that wealthy farmers are less affected by ALA than poor farmers because ALA exacerbates poverty among low-income rural residents [61] . The results further indicate that larger family sizes reduce the likelihood of selling agricultural land, although this finding is also statistically insignificant.
The size of landholdings has a significant negative impact on the likelihood of farmers selling agricultural land. This means that small farmers are more likely to sell their agricultural lands and turn to non-agricultural sources of income earning. The small farm size impedes the efficient substitution of labor with farm-machinery, ultimately increasing production costs and reducing productivity, and forcing small farmers to turn to non-farm activities [62, 63] . The results further indicate that farmers' land ownership increases the probability of selling agricultural land. This result supports the proposal of Zhang et al. [64, 65] , who suggested avoiding ALA by increasing the marketization of agricultural tenancy.
The odds ratio of land conflict coefficient indicates that, if farmers face land conflicts, the probability of selling agricultural lands increases by 3%. Another important factor affecting farmers' decision to sell agricultural land is whether they believe that one or more children will inherit the farm. The results show that, if farmers believe that the farm will be inherited by their heirs, the probability of selling agricultural land will be reduced by 77%. The same trend of ALA due to the lack of successors has been reported in Europe [66, 67] . Farmers' social networks also seem to predict their decision to sell agricultural land. Our findings suggest that farmers who are more integrated into social networks are less likely to sell their agricultural land. Other studies have also shown that local attachments and social networks can influence the farmers' decisions to retain or sell land [68] . Finally, we see that the availability of infrastructure in the study area also affected farmers' decisions to sell agricultural land for other uses. The results show that farmers are less likely to sell their agricultural land if there is sufficient infrastructure near the farm, such as health, education and employment opportunities. The Likelihood Ratio (LR) test, the equivalent of an F-test in the linear regression model [43] , indicates the chi-square value of 153.61. Therefore, we reject the null hypothesis that all the slope coefficients are simultaneously equal to zero.
Prospects for Future Agricultural Land
By understanding public preferences, land use management with social and ecological motives can be well balanced [65] . During the field survey, we asked farmers about future land use plans. Small farmers with a land area of fewer than five acres tend to leave agriculture and switch to other sources of income outside of agriculture. They want to sell their land because they have a hard time getting enough income from agriculture to support their large families. In addition, most of them prefer that their offspring do not continue to inherit agriculture, but live a better life. Small farmers are usually subsistence farmers and cannot carry out profit-oriented agribusiness. This is why they have low standards of living. Medium-sized farmers with 5-20 acres of land are somewhat content to continue farming, but they are also nervous about low agricultural productivity, poor market structure, scarce irrigation water and lack of basic facilities in rural areas. If the agriculture sector is incentivized by the government, large and medium-sized farmers can earn reasonable profits. Large farmers with strong financial backgrounds face fewer problems in carrying out agriculture. However, a small number (about 4%) sold part of their lands to meet domestic needs. It is difficult for farmers in the study area to effectively manage large agricultural land. For a long time, farming has stopped on most lands of many large and medium-sized farmers. With the extensive growth of shrubs, the abandoned land becomes barren. However, landowners look forward to restoring their lands for future use in agriculture. In a survey of suburbs, 8% of farmers were found willing to commercialize most of their agricultural land for housing colonies and shopping centers. Looking ahead, farm areas will be increasingly far from urban centers, creating a huge gap between urban areas and environment-friendly components such as open-air, clean water, and green spaces.
Conclusions
The agriculture sector is the backbone of Pakistan's economy because it largely contributes to the country's gross domestic product and employment. However, it has recently been noticed that farmers are abandoning agricultural land and switching to non-agricultural activities. This study aimed to investigate land use change (LUC) and agricultural land abandonment (ALA) in the Khairpur region of Sindh, Pakistan. In addition, we also explored farmers perceptions of LUC, ALA, and future land use. To this end, we used primary data collected through the field survey and secondary data from various government sources. The results show that, over time, agricultural land in the area was significantly reduced, confirming the abandonment of agricultural land in the study area. Agriculture has also been abandoned by farmers as a profession, as data indicate a sharp decline of the agricultural labor force in the past two decades. Changes in land use from agricultural activities to non-agricultural activities are also on the horizon. Farmers' perceptions of LUC and ALA also confirm these findings.
The most common causes of LUC and ALA include socio-economic factors and environmental changes. As for the consequences of agricultural land abandonment, the results indicate that, due to LUC and ALA, agricultural land prices, weeds infestation, urban sprawl and pressure on existing infrastructure have increased in the study area. The results of logistic regression model show that age, income, landholding size, land ownership, farm inheritance by successors, farmers' integration into social networks and lack of basic facilities in the study area are the main determinants of farmers' decisions to sell agricultural lands for other uses. Higher-income and land ownership increase the likelihood of farmers selling land, while large landholdings, farmers' perception that farms will be inherited by the heirs, their integration into social networks, and the availability of infrastructure near the farm reduce the likelihood of farmers selling land.
The study recommends that policymakers should pay earnest attention to controlling ongoing ALA and the rapid land use conversion of agricultural lands to other uses, which have a negative impact on the environment and national food security. The research on this issue in Pakistan is still very limited, so more research should be commissioned to gain a deeper understanding of the issue. Awareness campaigns should be carried out to educate farmers about the negative impacts of ALA and LUC. In particular, measures should be taken to address the economic reasons for ALA. Most of the farmers in our study indicated that the main reason for leaving agriculture is the low rate of return in agriculture. Therefore, incentives should be provided for the new farming community in the study area, which may increase agricultural productivity. High-value crops, drought resistant and high yielding varieties should be promoted in the study area to increase agricultural productivity. It is important to ensure that quality agricultural inputs, such as certified seeds, fertilizers, and pesticides, are available at reasonable market prices. In addition, the government should intervene to restore/reclaim abandoned land of depressed farmers who have ceased farming activities due to low agricultural productivity. To this end, agricultural land development can be carried out through land leveling and watercourse lining on land that has long been abandoned. Furthermore, the marketization of land tenancy policies should be strengthened, and tenant farmers should be encouraged to cultivate agricultural land abandoned by landowners. However, ALA prevention policies do not require extensive farming in marginal and heavily eroded soils. Land abandonment should be rather promoted in these areas through early interventions to restore ecology and forestation. Public-private partnership is also important for improving the agriculture sector. Concrete steps should be taken to control the illegal and unjustified development of housing colonies and commercial markets in inappropriate places.
